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ABSTRACT: Both satellite images and ground data were applied for extracting carbon storage and its changes in 
Beijing municipality, including 1) allometric equations for 12 tree species were established based on destructive 
sampling, 2) biomass expansion factors were extracted by fitting biomass against timber volume, 3) remote sensing 
models were established based on Landsat TM images, 4) carbon storage of mountain forest was estimated with the 
models for 2004 and 2009, respectively, by combining TM imagery with forest inventory data, and 5) carbon 
storage in urban area was estimated for 2005 and 2009, respectively, on the basis of urban tree census data. 
Prediction on carbon sequestration from 2011 to 2015 was also conducted. Carbon storages of mountain forest in 
2004 and 2009 were 5.24 Tg C and6.16 Tg tC, respectively, and carbon densities were 12.0 tC/ha and 14.1 tC/ha, 
including roots. Carbon sequestration rate during the period of 2004--2009 was 0.42 tC/(ha•yr), and that of urban 
area was 0.24 tC/(ha•yr). By model prediction, carbon sequestration in mountain forest and urban trees for the 
five-year period of2011-2015 was totally 0.96 Tg tC. 
INTRODUCTION 
Containing the changing climate is a common task for all countries in the world. Developing countries may face the 
obligation of reducing green house gas emission. Chinese government actively promised to mitigate CO2 emission 
thorough saving energy and expanding forest area. Countries all over the world, particularly the developed ones, are 
engaging in censusing carbon deposit in forest ecosystem, apparently in a bid to get carbon credits, as well as the 
evaluation effects of forest management. 
Fro carbon accounting, there are a number of approaches to measure and predict carbon storage and baance in forest 
ecosystem. From individual trees to regional scales, carbon storage can be estimated with different methods, 
including allometric equations, stand survey and remote sensing. Ground survey and empirical models are essential 
for scale transforming. Among all, species-specific biomass models for many tree species are yet to be established. 
The current study focuses on the following aspects. (1) To extract basic parameters for measuring carbon storage, in 
addition to accuracy improving. (2) To estimate forest carbon storage and sequestration capacity. (3) To establish 
remote sensing models for carbon storage accounting in Beijing municipality. 
METHODS 
Study area is the entire Beijing municipality, including urban and rural areas. The total area is 163 thousand km2 with 
extents of 160 km in south-north and 176 km in east-west. The mountain area accounts for 61.3%, and the rest is 
plain. Forest coverage is 46.55% or 0.469 million ha. Most area is under 200 m in elevation, with the peak at 2303 
m. The main forest types are Pinus tabulaeformis forest, Eyota orientalis forest, and Quercus mongolica forest. 
Data included ground data and remote sensing images. Ground data included forest inventory data (2005), urban 
tree census data of 2005 (number of stems only), and tree census of central urban area of 2009 (with DBH 
distribution). As for remote sensing data, Landsat-5 TM/ETM images (2001.09 and 2009.09) were adopted. 
Allometric equations for 12 tree species, and biomass expansion factors for eight forest types were established by 
destructive harvesting. Regressive models were built for eight forest types in pixel scale, and equations with high 
coefficients of regression were selected for estimating regional carbon storage. Based on carbon storages in two 
times with an interval of 5 years, the carbon increase capacity in the study area was calculated. TM images were 
rectified in both topographic and atmospheric effects before regression analysis against biomass. -1-
RESULTS 
Biomass models 
Allometric equatios showed significant correlations with P values <0.0001 and regression coefficients >0.8, as listed 
in Table I .  As for biomass expansion factor, the linear relationship between biomass and timber volume showed 
high regression coefficients R > 0.9 and P<0.0001, as listed in Table 2. Remote sensing models are listed in table 3. 
Table 1. Allometric e9uations for 12 tree s:eecies in Beijins Table 2. Biomass expansion factors for 
SQecies Sam2Ie DBH{cm} a I}_ eisht forest !i:J2es in Beijins 
Pinus tabu. 32 4.5-34.8 -2.1735 2.2461 Forest type Sample a 
Quercus mong. 31 3.7-28.9 -1.6324 2.2638 
58 0.8125 Quercus varia. 24 5.4-25.2 -1.9100 2.3080 Eyota orie. 
Populus dav. 28 5.9-38.9 -2.8450 2.5682 Rbinia 38 0.7 
Betula pla. 29 4.7-21.3 -2.6587 2.4305 Betula 48 0.665 
Juglans man. 25 4.8-23.0 -1.1770 1.9544 
Deciduous 113 0.6363 Robinia pseu. 26 4.7-24.2 -2.4786 2.4201 
Eyota orie. 27 3.3-33.0 -1.7245 2.0033 Quercus 85 1.166 
Pinus bung. 18 2.6-28.7 -1.9840 2.1459 Larix 61 0.4248 
Malus bacca 17 1.8-8.2 -0.5522 1.6895 Populus 46 0.5763 
Sophora japo. 18 6.6-14.5 -2.8816 2.3962 
Sr.rinB,_a bei{ 15 2.9-10.5 0.1711 1.1616 Pinus tabu. 82 0.722 
Allometric equation was in the form of ln(B) = /J x ln(D) + a, Biomass factor 1s m the form of B= a V, 
where B js biomass (t), V is timber where B is biomass (kg), D is diameter at breast height, /J and volume (m ), and a is parameter. 
a are parameters. 
Table 3. TM-derived regression models for estimating carbon storage(t/ha) of eight forest types 
TYJ?e 
Eyota 
Robinia 
Betula 
Deciduous 
Quercus 
Larix 
Populus 
Pinus 
Plots 
25 
17 
19 
24 
40 
23 
25 
40 
Model 
C1 = 1.072 + 4.256Var3 + 0.64Mean4 - 0.016Aspect 
C2 = -0.496 + 38.096TM4 + 1.68Ent5 
G= 22.784 + 144.304PVI- 80.144Sec4 
C4 = 1.776 + 0.464S!ope + 3.92Var7 
C5 = -4.128 + 28.608NDVI - 0.016Cor4 
C6 = 14.448 + 1.2RVI - 0.704Mean4 
C = 0.272- 168.576PCA3 + 2.88Var5 + 26.992Sec3 
Cs = -9.2 + l.216RVI + 3.248Vars + 56.528Secs 
R 
0.569 
0.323 
0.429 
0.424 
0.358 
0.587 
0.459 
0.632 
Sig 
0.000 
0.029 
0.011 
0.003 
0.005 
0.000 
0.004 
0.000 
TM is band i of TM image in reflectance. PCAi represents the i-th component in principle component analysis. 
Brightness, Greenness and Wetness are same as literal meanings, derived from tasseled cap transformation. D VI, 
RV!, NDVI, PVI and TSA VJ are vegetation index, ratio vegetation index, normalized vegetation index, vertical 
vegetation index and transformed soil-vegetation index, respectively. The following items are based on texture 
analysis: Mean,-mean value in band i, Var,-variance, Ent1--entropy, Sec,-secondary moment, Cor1----correlation. 
For topographic elements, Slope and Aspect are same as literal meanings. 
Carbon storage 
Based on forest inventory data, total carbon storage in plantation and natural forest was 5.24 million tC in 2004. In 
2009, by remote sensing, the storage was 6.16 million tC. Spatially, carbon density was high in plain area (central 
and southeast), and low in the mountain area. Carbon density ranged from 10 to 25 tC/ha, lower than the national 
average. The increase of biomass carbon in the five-year period was 529 tC or 0.24 tC/(ha·yr). Based on relative 
growth rate, the predicted carbon increase in the period 2011-2015 was 0.96 million tC. 
DISCUSSION 
Remote sensing is an effective approach for deriving carbon storage in large scales, which is time cost effective and 
time saving. The low carbon density in the study area implies that the forest quality needs to be improved, although 
the site conditions are not ideal for tree growth due to the shallow soil layer and poor nutrient contents. As to the 
accuracy of remote sensing simulation, there is much left to do for improving the capability for estimating regional 
carbon storage. (Reference omitted) 
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